Electrokinetic potential is an important property of colloidal particles and
INTRODUCTION
On the adjacent surface of a colloidal particle of pectin macromolecule in aqueous solution, besides dissociated carboxyl groups as main charge carriers, various ions and solvent molecules are also present. These electrically charged groups and solvent molecules are closely adsorbed onto the colloidal particle, forming a fixed layer known as adsorbed layer (1) (2) (3) (4) .
Alongside the adsorbed layer, the electrical effect of the colloidal particle is the strongest and weakens proportionally to the increase in distance. There is a boundary where the electrical effect of charged colloidal particle stops to exist. The layer of liquid between the boundary and the adsorbed layers is denoted as diffuse layer. Although it is mobile, it is considered to be part of the colloidal particle.
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The adsorbed and diffuse layers form a covering over the colloidal particle designated as electric double layer (EDL). The difference in potential between the adsorbed and diffuse layer is called electrokinetic or zeta potential. The following factors significantly affect the magnitude of electrokinetic potential: pH of the colloidal solution, temperature, dilution, presence of various electrolytes, etc. The electrokinetic potential is in direct proportion with the mobility of colloidal particle in the electrical field (1) (2) (3) (4) .
Zeta potential of sugar beet pectin is negative and it is strong enough to impair the coagulation and agglomeration of the macromolecules in aqueous solutions. However, the addition of oppositely charged ions, in this case polyvalent cations, can decrease the electrokinetic potential to near zero, causing the colloidal particles to discharge. Consequently, the system's stability is lost, which leads to the coagulation and precipitation of agglomerated colloidal particles (4-6). The most frequently used coagulants are various salts of Ca, Pb, Cu and Al.
The overall ability of pectin macromolecules to form complexes with polyvalent cations depends on the degree of esterification of pectin with methyl alcohol, degree of polymerization and composition of the glycosyl residue (7, 8) . The affinity of divalent cations to form complexes with pectin macromolecules follows the order (8, 9) : Figure 1 illustrates the widely accepted model for the EDL according to the GouyChapman-Stern-Graham (GCSG) model in the presence of divalent salt (CuSO 4 ) in an aqueous solution (4, 10, 11) . ; H + ; SO 4 2-; OH -) both in the fixed (Stern) layer and in a diffuse layer (subjected to thermal agitation) of the solidliquid interface.
According to the GCSG model, the fixed layer is assumed to be bounded by two planes: the Inner Helmholtz plane (IHP) and Outer Helmholtz plane (OHP), which are characterized by the potentials ψ IHP and ψ OHP .
The aim of the paper was to investigate the effect of Cu ++ ions on the EDL and the change of the electrokinetic potential of sugar beet pectin macromolecules in an aqueous solution of CuSO 4 .
EXPERIMENTAL

Methods of analysis
Pectin was isolated from sugar beet pulp. Extraction of pectin was conducted at pH 3.5 and 85°C during 2.5 h. The pectin preparation was precipitated from the extract with 70% ethanol solution. Basic parameters of the pectin preparation were determined according to standard methods of AOAC (12) .
The mean molar mass of the pectin preparation was determined refractometrically and spectrophotometrically (4, 13) . The degree of polymerization (DP) was calculated by dividing the mean molar mass of the pectin preparation with the molar mass of dehydrated galactouronic residue.
Tests for the determination of composition of the pectin preparation were conducted in duplicate. If the variation in the results of two measurements were larger than 5%, more measurements were taken.
The electrokinetic potential was evaluated by means of electrophoresis using a Zeta Meter ZM-77 (14) . The instrument consists of an electrophoretic cell with platinum electrodes connected to direct current and a stereoscopic microscope equipped with a special ocular micrometer. After adjusting the voltage, an electric recording device was used to measure time needed for a colloidal particle to pass a distance of a standard micrometer division.
The electrokinetic potential of pectin macromolecules was determined as the mean value of 20 measurements for randomly selected particles. Temperature correction of the results was also performed.
In this experiments, aqueous solutions of pectin with the concentrations ranging from 0.1; 0.5 to 1.0% (w/w) where prepared by dissolving 1, 5, and 10 g of the pectin preparation in 1000 cm 3 of distilled water. The pH of the solutions was measured on a pH Meter MA 5740 in one hour intervals, counting from the moment of their preparation. Table 1 . After the coagulant was added, the solution was stirred for 30 min on a high-speed magnetic stirrer (500 rpm). Then, the solution was stirred for another 5 min at low speed of maximum 20 rpm, to prevent the dis-aggregation of the already formed floccules. The solution was then allowed to stay for 5 min. An aliquot taken from the supernatant was used to measure the zeta potential. Measurements were performed at room temperature for seven different solution concentrations.
RESULTS AND DISCUSSION
By analyzing the proposed GCSG model of EDL (Fig. 1) on pectin macromolecules in the presence of Cu 2+ and SO 4 2-ions, the following can be observed: The Inner Helmohltz plane (IHP) is passing through the centers of Cu 2+ ions that may adsorb specifically and H + ions adsorbing from the solution on the negatively charged glycosyl-residues on the surface of macromolecules of pectins. The Outer Helmohltz plane (OHP) is passing through the centers of Cu 2+ and H + ions that are attracted only by the electrostatic forces (Coulombic attraction). Here are also present SO 4 2-and OH -ions from the solution, attracted by the electrostatic forces as oppositely charged ions.
The shear plane (disconnected line in Fig. 1 ) according to the CGSG model is localized immediately behind the fixed layer and corresponds to the electrokinetic or zeta potential of the pectin macromolecule. The shear plane is that plane where hydrodynamic motion becomes possible.
According to the GCSG model, the potential change ψ between the IHP and OHP is linear, depending on the number, size and hydration of Cu 2+ ions. In the diffuse layer, an exponential potential drop is observed in accordance with the Boltzmann distribution (15) (16) (17) .
At a low concentration in the water solution, the Cu 2+ ions in a free, non-hydrohylated form. The increase of the concentration of Cu 2+ ion, leads to hydrolytic reaction, so the Cu 2+ ion can form hydroxy complexes (such as Cu(OH) + ; Cu(OH) 2 ; Cu(OH) 3 -; Cu(OH) 4 2-), and at much lower concentrations, dihydroxy complexes (18, 19) . The isolated preparation belonged to the group of highly esterified pectins (DE>50). The change of the pectin solution concentrations did not significantly affect the electrophoretic mobility of particles (u sr ), i.e. the electrokinetic potential. Therefore, in further measurements the effect of solid phase was considered to be irrelevant, and only the 0.1% (w/w) pectin solution was examined (Table 3) .
In Table 4 and Figure 2 is presented the effect of Cu ++ ions on the changes in the electrokinetic potential of pectin macromolecules. The increase in the concentration of Cu ++ ions results in a decrease of the negative potential, suggesting that by controlled dosing of CuSO 4 coagulant, the electrokinetic potential may be kept at the values close to 0 mV, which is the main prerequisite for the beginning of coagulation. The negative electrokinetic potential decreased proportionally to the quantity of added coagulant until the moment when charge inversion was reached.
The boundary coagulant concentration, when electrokinetic potential approaches zero, was 100 mg/dm 3 (Fig. 2) . According to the adopted GCSG model of EDL, it is assumed that the increase in Cu ++ ions increases the proportion of specific adsorption of cations as compared to the proportion of electrostatic Coulombic attractions. As a result, the shear plane moves towards the diffuse layer, causing its compression and an increase in the proportion of the fixed (Stern) layer of the EDL. This occurs when the zeta potential of pectin macromolecules drops or even reverts its charge.
The charge inversion of the electrokinetic potential from negative to positive for the investigated concentrations of CuSO 4 3 , respectively), their electrophoretic mobility is higher, which enables easier location in the Stern layer and neutralization of the negative charge on the surface of pectin macromolecules.
CONCLUSION
The concentration of aqueous pectin solutions was not found to influence the electrokinetic potential of pectin.
Electrokinetic potential of pectic macromolecules changes proportionally to the quantity of Cu ++ ions added in the form of aqueous CuSO 4 solution. The Gouy-Chapman-Stern-Graham's model of electric double layer was experimentally proven in sugar beet pectins. The increased concentrations of coagulant CuSO 4 reduced the negative potential, whereas concentrations over 100 mg/dm 3 caused charge inversion of pectin macromolecules.
